Background:
BACKGROUND

Musa sapientum L. (Banana)
is a tropical fruit grown in many countries of the world [1] . In Thailand, three types of bananas, or dessert bananas, are popular; i.e. Kluai Khai, Kluai Hom Khiew, and Kluai Nam-Wa. At present, the consumption of many fruits, including bananas, has increased, due to their nutritional and therapeutic effects. According to the studies of Saura-Calixto and Goni in 2006 [2] , phytochemical compounds within many fruits such as carotenoids, phenolics, flavonoids, and vitamin C and E clearly have potential benefits for human health. Previous study showed that banana contains about 74% water, 53% carbohydrates, 1% proteins, 0.5% fat, and 2.6% fiber. In the process of ripening, the starches are converted to sugars; and a fully ripe banana has only 1-2% starch and 51% non-starch polysaccharides [3] . In addition, many parts of the banana are used in Thai traditional medicine. For example, the unripe fruit is used to treat diarrhea, and the ripe fruit is used as a tonic agent [4] , including for treating gastric ulcer, hypertension, diarrhea, dysentery, and diabetes [5] . Previous report presented its benefits for anti-depression, preventing anemia, blood pressure control, and promoting the metabolic rate in conditions of stress [6] . Moreover, it has also shown to have significant changes on the lipid profile, muscle and liver glycogen, and enzyme activity as well as nitric oxide (NO) activity inhibition. Interestingly, Muschimapura and co-worker (2014) reported that a single administration of banana extract lengthened the swimming time in rats [7] . From the overall review of bananas, there are many benefits on health being related to delay in ageing process [8] . Thus, this pilot study evaluated the effects of 4 weeks of banana consumption on physical strength, metabolic response to an exercise test, oxidative stress status, lipid profiles, and proinflammatory interleukin-23 cytokine in sedentary men.
MATERIALS & METHODS
Study Design and Recruitment of participants
This research protocol was approved by the Human Ethics Committee Review Board following the Declaration of Helsinki in 1995 at the Faculty of Associated Medical Sciences, Chiang Mai University, Thailand (Ethical Approval Number 092E/53). Fifty healthy sedentary males aged between 18 and 24 years, with a body mass index (BMI) in the required normal range [18.0-24.9 kg/m 2 , according to World Health Organization (WHO) and International obesity task force], were included from volunteer students in the main campus at Chiang Mai University. This study design was proposed to be limited to non-athletes or those exercising regularly for less than 3 days per week, therefore 12 males were excluded from 50 volunteers. Informed consent was obtained from all 38 volunteers before enrolling them in the study. During six weeks of studytheir regular activities, such as diet and behavioral aspects, were constantly controlled, including taking supplementary multi-vitamins or alcohol and any exercise was inhibited for eliminating the confounding factors. Moreover, all volunteers were also screened for inclusion into this research by a physician using hospital records and physical examination.
Experimental Design
For prevention of the less confidential results, all 38 healthy volunteers were not randomly divided into control and supplement groups, thus all volunteers were included into both control and supplement periods. Then, the program design was divided into two periods: 2 weeks of control and 4 weeks of consuming ripe bananas. The bananas were purchased from a local market in Chiang Mai Province. The bananas were purchased from the same orchard and had ripened within one week from the market. The pulp of two bananas was consumed after breakfast and dinner every day for 4 weeks. This study was designed with two banana pulps because previous recommendation from the World Health Organization (WHO) indicated the limitation of consumption of fruits and vegetables of at least 400 g/d [9] . One banana pulp is approximately 70-100 g, thus two banana pulps were selected to be consumed in morning and evening. There the weight of bananas was approximately 400 g daily. All parameters, i.e. physical strength (hand grip, back-leg, and quadriceps strengths), metabolic response to a cycling exercise test (exercise time, direct VO 2 , respiratory exchange ratio (RER), ventilatory threshold (VT)), oxidative stress status (total antioxidant capacity (TAC), glutathione (GSH), and malondialdehyde (MDA)), lipid profiles (triglyceride, cholesterol, and high density lipoprotein (HDL)), and interleukin-23 (IL-23) were evaluated three times before (week 0 and week 2) and after 4 weeks of banana consumption (week 6).
Physical Strength Assessment
Hand grip strength was evaluated using a hand-held dynamometer (Chatillon DMG-250, USA). The procedure of hand grip strength followed the American College of Sport Medicine (ACSM) guideline (2008) [10] , whereby the standing test position had a grip bar adjusted to fit in the volunteer's hand. The second joint of the fingers was fitted under the handle of the dynamometer's handgrip. Before testing, the handgrip was set parallel to the side of the body, with arms slightly flexed. Three repeated maximally squeezes were performed and the highest squeeze force in kilograms was selected.
Back-leg strength was tested by standing upright on the floor. With arms straight down, the center of the bar was held in both hands with palms faced in toward the body. Before pulling up, the chain was adjusted until the knee was bent by approximately 10 degrees, and the back bent slightly forward. The head was to be maintained at an upright position, with eyes looking straight ahead, while the arms were kept straight and were not permitted to bend back. Three maximal pull ups were performed, and the highest force was noted in kilograms.
Quadriceps muscle strength was assessed using a handheld dynamometer (Chaillon DMG-250, USA). Volunteers were positioned in a test chair, with a hip angle of 90 degrees, and knee angle set at 30 degrees vertically. During the test, the trunk, hips, and thighs were strapped down to the chair to avoid involuntary movements. An individual landmark for placing the hand-held dynamometer at the antero-inferior region of the leg was calculated from the distance between the tuberosity and superior aspect of the lateral malleolus, multiplied by 0.6 [11] . Three repeated maximal static knee extensions were performed, and the highest force was selected.
Metabolic Response Assessment
The metabolic response to the cycling exercise test performed on a stationary bicycle was evaluated in all volunteers by the GE's Case ® Exercise Testing System; MedGraphic (USA). Eighty percent of maximal heart rate (220-age) was set up at the end of the test. Direct VO 2 was analyzed automatically by the Breeze Suit Software program, using a breath-by-breath technique. When exercise was stopped, the total time of cycling, VO 2 , VT, and RER were recorded. The criteria, precautions and other reasons for stopping the exercise followed the guideline of the ACSM (2004) [12] .
Oxidative Stress Status, IL-23, and Lipid Profiles Assessments
The TAC of fresh plasma was assessed with the 2,2'-azino-bis 3-ethylbenzothiazoline-6-sulphonic acid (ABTS) decolorization method [13] . Total antioxidant capacity was calculated and presented by comparing the standard Trolox (Sigma) as mmol of Trolox per liter (mmol Trolox/L).
Whole blood GSH was assessed with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) following the previous protocol of Leelarungrayub et al. (2011) [14] and GSH was calculated and presented by comparing to the standard GSH (Sigma). The final unit of GSH was presented as mg GSH per one gram Hb.
Plasma MDA from lipid peroxidation was evaluated following the modified protocol of a previous study [14] . Plasma MDA (μmol/L) was determined by comparing with the standard Tetramethoxypropane (TMP) (Sigma).
IL-23 in plasma was detected by following the protocol guidelines of the Quantikine, Human IL-23 Immunoassay [15] as in a previous study [16] . The concentration of IL-23 was calculated by comparing with standard IL-23 (39-2,500 pg/mL).
Triglyceride, cholesterol, and high density lipoprotein (HDL) were evaluated using a Reflotron Plus machine (Roche Diagnostics Corp, Roche Cobas, Germany) at the AMS Clinical Service Central, Faculty of Associated Medical Sciences, Chiang Mai University, Thailand.
Nutrient Composition Analysis
The pulp of ripe banana was selected randomly in order to investigate the physical composition as percentage of humidity, total carbohydrate (CHO), protein, lipid and ash by the lyophilization technique: calculation, nitrogen analyzer, supercritical fluid extraction, and drying techniques, respectively, at the Health Research Institute, Faculty of Medicine, Chiang Mai University, Thailand. Nutrient compositions as L-ascorbic acid (Vitamin C), alpha-tocopherol (Vitamin E), and retinol acetate (Vitamin A) were analyzed using a High-Performance Liquid Chromatography (HPLC) following the previous protocols [17, 18] , whereas total phenolic was evaluated by Folin reagent on spectrophotometry [19] .
Statistical Analysis
All data were presented as mean ± standard deviation (SD). All parameters from three times evaluated were statistically analyzed using the repeated measurement ANOVA, with the Least Significant Difference (LSD) test. Significance was set at p < 0.05.
RESULTS
From 38 sedentary participants who were inclusively recruited based on criteria, eight participants were excluded because of discontinuous supplement and loss of contact. Therefore, the final 30 healthy males were completely studied in this study. Regarding the characteristics of all 30 volunteers before the study, there were no statistical differences on white blood cells (WBC), red blood cells (RBC), hemoglobin (Hb), hematocrit (Hct), and platelet (Plt), including liver function enzymes as aspartate transaminase (AST) and alanine transaminase (ALT) (p > 0.05),in three time measurement ( Table 1) . Table 2 shows no statistical difference in any strength parameter in the control period; hand grip, back-leg, and quadriceps (p> 0.05). After banana consumption twice daily for 4 weeks, hand grip and quadriceps strength did not improve when compared to week 0 and week 2 (p = 0.67 and p = 0.79). However, back-leg strength increased significantly when compared to both previous times either week 0 (p = 0.045), or week 2 (p = 0.000). Values are mean ± SD; range for each parameter is indicated below in parentheses. * p < 0.05 when compared to week 0, and # p< 0.01 when compared to week 2. Data was statistical analyzed with a repeated measurement ANOVA and the Least Significant Difference (LSD) test.
Physical Strength
Metabolic Response to the Cycling Exercise Test
The metabolic status test in Table 3 shows that all parameters from the cycling exercise test, such as exercise time, VO 2 , RER, and anaerobic threshold at 80% of maximal heart rate (MHR), were not statistically different between week 0 and week 2 of the control period (p = 1.00, 0.276, 0.548, 0.33). However, a statistical improvement in exercise time (p = 0.004), RER (p = 0.000), and VT (p = 0.000) was shown after banana consumption, whereas VO 2 did not show statistical difference (p = 0.294) when compared to the times in the control period (week 0 & 2). Table 4 shows the oxidative stress status, lipid profiles, and IL-23 in the control period (week 0 and week 2), and they did not change statistically (p > 0.05). TAC, GSH, and MDA were almost the same in week 0 and week 2 (p = 0.182, 0.393, 0.918). After 4 weeks of banana consumption, statistical increase in TAC (p = 0.000) or GSH (p = 0.000) was shown, and MDA concentration reduced (p = 0.000) when compared to both times of the control period. The mean values for the lipid profile screening in the control period were not statistically different and within reference ranges of triglyceride, cholesterol, and HDL. After 4 weeks of banana consumption, the levels of triglyceride and cholesterol reduced significantly (p = 0.001) when compared to week 2, whereas the HDL level was not statistically different as compared to the control period (p = 0.787). Finally, the results showed a statistical difference of the pro-inflammatory IL-23 cytokine parameter after consumption when compared to week 0 (p = 0.042) and week 2 (p = p = 0.031), whereas, no statistical difference existed within control period of week 0 and week 2 (p = 1.00). Values are mean ± SD; range for each parameter is indicated below in parentheses. TAC = total antioxidant capacity, GSH = glutathione, MDA = malondialdehyde, HDL = high density lipoprotein, IL = interleukin. * p< 0.05 and # p < 0.01 compared to both week 0 and 2 in the control period. Data was statistical analyzed with a repeated measurement ANOVA and the Least Significant Difference (LSD) test.
Oxidative Stress Status, Lipid Profiles, and IL-23
Nutrient Composition in Ripe Banana Pulp
Moreover, results of nutrient composition analysis in one hundred grams of fresh banana presented humidity (61.5%), carbohydrate (27 g), total protein (1.5 g), total lipid (0.45 g), and ash (0.67%). The average weight of one banana pulp was 102.5 ± 3.4 g. Total phenolic content was 0.77 ± 0.03 mg of gallic acid equivalent to 1 g of fresh weight. In addition, retinol acetate (vitamin A) was 37.5 ± 2.5 μg in 100 g fresh weight. However, in this study, Lascorbic acid and alpha-tocopherol (vitamin E) could not be detected in the bananas.
DISCUSSION
This preliminary study was performed on healthy, non-athletic men with the normal BMI range and all laboratory tests. The design of the protocol had two periods of control and banana consumption for self-controlled subjects. The two-week control period was possibly adequate for showing the consistent condition of all volunteers. Furthermore, the food intake for all volunteers was recorded every day via a telephone call in order to control the behavior. In the results of physical strength assessment, only back-leg strength was shown; and three (exercise time, VT, RER) of four parameters in metabolic responses were changed statistically.
From the changed results of exercise time, VT, and RER, this can be possibly explained that the RER is roughly equivalent to the term of ventilatory threshold (VT), which is the ratio between O 2 and CO 2 [20] and a previous study reported that 0.75 ± 0.06 of RER corresponded to a substrate of 14.7% for CHO, whereas 0.89±0.02 corresponded to the substrate of 64.2% for CHO. In addition, that the RER also correlates to the result of significant longer AT time which indicates prolonged anaerobic glycolysis process [20] , and also possibly relates to the longer exercise time on treadmill. Moreover, the reason is possible consistency with the high CHO consumption of banana that was shown in the nutrient analysis in this study. But the non-significant change of VO 2 is a possible limitation under submaximal intensity (80% MHR) [21] , thus, the VO 2 level at this intensity in either consuming or non-consuming may show no statistical difference. In terms of physical strength, significant increase shown in only the back-leg strength is still unclear. When comparing the muscle work between all tests, both back and leg muscles possibly need more energy than the single hand or quadriceps muscle work. The relationship between high carbohydrate intake and glycogen storage with a muscle power has not been reported and confirmed, thus significant increase in back-leg strength in this study was still unclear and needs to be studied more in the future.
The results of the study found the content of total phenolic and retinoic acid (vitamin A) in vitro, and its results consistently showed a significant reduction of MDA in plasma and increase in GSH and TAC levels in subject blood after banana consumption. This result is similar to the previous data that presented the banana pulp as containing other antioxidant compounds such as catechin, epicatechin lignin and tannins, as well as anthocyanins [22] . Moreover, a previous evidence showed that aqueous extract from awak pulp has the highest total phenolic content (0.36± 0.01 mg of gallic acid equivalent/g fresh weight) [23] . Basic knowledge of antioxidant GSH and total phenolic compounds can scavenge H 2 O 2 and
• OH and inhibit lipid peroxidation [24] . This study also investigated the effects of bananas on systemic inflammation markers, specifically, IL-23. Recently, the discovery of CD4+ Th17 T cells and the IL-23/IL-17 axis has challenged existing paradigms and the role of Th1 T cells in many autoimmune diseases [25] . Although, IL-23 not only synergize with IL-6 and IL-1 to promote IL-17 production [26] , but it also plays a pivotal role in chronic inflammation related to the autoimmunity [27] . Although, this study shows a significant reduction in IL-23 level after 4 weeks of banana consumption that may be involved in the inflammation system, but the mechanism is still unclear. . Thus, other inflammatory markers as TNF-α, IL-6, or IL-17 makers should be more studied and confirmed. Even though, some previous evidence showed that the edible part of banana or juice can be used as tonic agent for gastro intestinal disorder like dyspepsia, constipation, or ascites [28] , there is no evidence on the relationship between fruit, especially banana containing high CHO on inflammatory status that needs more studying in the future.
Finally, the results of nutrient composition analysis for human health, as well as in the previous evidence from USDA National Nutrient Database (2011) showed that the medium-sized bananas (approximately 118 g) contain 27 g of CHO, 3.1 g of dietary fiber, 105 kilocalories, potassium (422 mg), and vitamin B6 (0.43 mg) [29] . Closely similar to the findings of this study, 100 g of banana contained 61.5% humidity, 27 g of CHO, 1.5 g of total protein, 0.45 g of total lipid, and 0.67% of ash. Possibly results of low lipid and high CHO contents may affect the results of triglyceride and cholesterol after consumption. . In addition, the fruit supplementation has been promoted and is very challenging in sport competition due to a high amount of carbohydrate-loading capacity, high glycogen level in resting muscles,, delaying glycogen depletion and fatigue, leading to improvement in exercise endurance. For instance, a previous study showed that the acute effect of ingesting bananas on 75-km cycling performance increased on five metabolites related to liver GSH production, and eight biomarkers related to carbohydrate, lipid, and amino acid metabolism [30] . Therefore, banana has been suggested as a breakfast food (1x banana) and snack (1x banana) that contains a significant amount of carbohydrate. Moreover, carbohydrate intake of 5-7 g/kg body weight/day and 7-10 g/kg body weight/day is recommended for most regular exercises and periods of intense training, respectively [31] . Unfortunately, this preliminary study was performed on small sample size (n=30) and on sedentary male subjects. Thus, it cannot be applied to another group as athletics or ill people. Therefore, the effects of banana supplementation involving the antioxidant, lipids, physical strength, and pro-inflammation condition, in the large number subjects, and in different people, especially in athletics also need more experiments.
CONCLUSION
Consumption of the pulp of 2 ripe bananas in the morning and evening for 4 weeks taking into account the back and leg strength and exercise time under the antioxidant condition, in addition possibly controls the triglyceride, cholesterol level, and pro-inflammatory IL-23 cytokine in healthy male subjects. 
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